The purpose of this study was to assess the myceliation rate, mycelial vigor and "estimated biomass" of Lentinula edodes (Berk.) Pegler, grown on a sugarcane bagasse substrate enriched with rice bran and sugarcane molasses for spawn production. The proportions of rice bran used were 0, 10, 15, 20, 25, 30 and 40% (dry weight/dry weight of bagasse) and the sugarcane molasses concentrations tested were 0, 10, 20, 30, 40, 50 and 60 g/kg (dry weight/dry weight of bagasse plus rice bran). The myceliation rate was decreased by the addition of the higher quantities of rice bran. The 25 and 30% rice bran proportions induced the highest stimulation of mycelial vigor. The addition of sugarcane molasses did not change myceliation rate or mycelial vigor. The "estimated biomass" values were similar when intermediate rice bran proportions were used and for all sugarcane molasses concentrations. Based on response surface obtained for the "estimated biomass" data, higher values were obtained with substrates containing 20 to 25% rice bran combined with 10 to 30 g sugarcane molasses, although the latter supplement was not considered to stimulate L. edodes growth.
INTRODUCTION
The production of shiitake, Lentinula edodes, on sterilizied and enriched artificial substrates has increased over the last few years (2, 13) . Although sawdust has been traditionally used as the basis for these substrates, shiitake is also produced on supplemented sugarcane bagasse (4, 6, 15, 18) since it can grow on different agricultural residues rich in lignin and cellulose (1) .
Shiitake spawn is normally produced on sawdust enriched with rice bran at the 4:1 proportion (25) . L. edodes grown on this material, when used as spawn for sugarcane bagasse substrates, may present a very slow initial growth due to the adaptation phase (lag phase) to the new substrate, with a consequent impairment of the profitable development of a production system based on this residue. The use of spawn obtained on substrates of the same nature as that to be used for fungus cultivation may provide a more rapid and vigorous growth of the microorganism.
Supplementation of bagasse with nutrients is necessary since this is the residue obtained after different types of treatments and washes applied to sugarcane. Bagasse is rich in cell wall material with a low cell content and low density, and is therefore poor in proteins and minerals (20) .
Molasses is a promising source of sugars and nutrients and is used to improve mycelial development, resulting in good biomass production by different L. edodes strains (22, 24) . Sources of carbon such as lignin, glucose and fructose among others are important energy suppliers for the metabolic activity of the mushrooms and represent the basis for the synthesis of different molecules (26) . Another source of nutrients is rice bran, traditionally used to supplement sawdust in the culture (7, 8, 19) and production of shiitake spawn (25) , stimulating mycelial growth, mycelial vigor and the biomass of various mushroom species (5, 25) . In addition, rice bran is normally used to enrich sugarcane bagasse in the culture of both L. edodes (4, 6, 15, 18) and Pleurotus spp. (10, 12) .
On this basis, the objective of the present study was to assess the effects of sugarcane bagasse supplementation with different amounts of rice bran and sugarcane molasses on some developmental parameters of L. edodes to establish the best substrate composition for the production of spawn.
MATERIALS AND METHODS
We used a culture of isolate JAB-K1 grown on minimal medium (17) , from basidiocarps of Lentinula edodes (Berk.) Pegler, obtained from growers of the northeast region of the São Paulo State, Brazil. The culture was multiplied in the same medium in order to obtain a sufficient initial amount of spawn.
The experimental design consisted of supplementing sugarcane bagasse with nondefatted rice bran, sugarcane molasses and mixtures of the two supplements. The amount of water necessary to correct the moisture content of the substrate to 50% was calculated considering the amount of natural humidity of each material. Bran was mixed with bagasse before the increase in moisture content and molasses was diluted in the water used for correction of humidity.
The substrates were placed in autoclavable cylindric glass containers externally measuring 120 mm in height and 62 mm in diamater. The different substrates were distributed into each flask without weight determination and with a similar extent of compaction, and then autoclaved at 121ºC for 90 min.
The experimental treatments were organized according to a 7 x 7 factorial scheme [seven levels of rice bran: 0, 10, 15, 20, 25, 30 and 40% (dry weight/bagasse dry weight) and seven levels of molasses: 0, 10, 20, 30, 40, 50 and 60 g/kg (dry weight/dry weight of bagasse plus rice bran)]. The experiment was arranged as a completely randomized design with different number of replicates (3 to 6 flasks per treatment), since any flask presenting the slightest suspicion of contamination was immediately eliminated.
After inoculation, which consisted of transfer of aliquots of mycelium grown in minimal medium (17) to the surface of the substrates, the flasks were placed in an environment at a temperature of 25 to 28ºC for mycelial growth during 45 days. Four strips of graph paper were vertically attached to each flask in opposite positions and used for the measurement of mycelial growth towards the bottom of the flask (18) . The measurements were recorded in mm under the strips in the region where the flask presented a uniform diameter, which corresponded to approximately 70.0 mm in length (18) . The mean mycelial growth rate was estimated on the basis of the ratio between the total distance covered by the mycelium and the time needed for this growth to occur. Mycelial vigor was arbitrarily scored from 1 to 5 by five different persons as follows: 1, very low mycelial density; 2, low mycelial density; 3, regular density; 4, high density; 5, very high density. The values resulted from the comparison of the various treatments to one another. "Estimated biomass" was calculated as the product of mycelial growth rate by mycelial vigor in each flask.
RESULTS AND DISCUSSION

Myceliation rate
Myceliation rate decreased significantly with increasing proportions of rice bran. The addition of this supplement promoted a gradual decline in the C:N ratio of the substrate (0% of rice bran, C:N = 107:1; 40% of rice bran, C:N = 38:1), suggesting that a large amount of rice bran inhibits the growth of L. edodes (Table 1 ). In agreement with this result Singh and Verma (21) reported that the limiting factor for Lentinula lateritia growth was a low C:N ratio (25 and 50:1). According to Kamra and Zadrazil, cited by Maziero (11) , high N concentration in the medium repress the lignin degradation by edible mushrooms. Nevertheless, Song et al. (23) obtained higher mean growth rates with 30:1 C:N ratio.
The addition of rice bran to bagasse alters the structure of the substrate and therefore its gas exchange ability. Substrates with larger particles present higher O2 and lower CO2 levels (3), and higher O2 and CO2 levels stimulate and inhibit growth, respectively (2). Leatham (9) showed the importance of O2 supply during mycelial growth by obtaining higher lignocellulolytic enzyme activities during the first 20 days, a time during which the concentration of this element is higher. Thus, the exchange capacity of the substrate decreases with increasing rice bran amounts due to the reduction of its empty spaces. On this basis, it can be seen that a large amount of rice bran added to bagasse reduces the degrading activity of the fungus and the capacity for gas exchange of the substrate, reducing the mycelial growth rate.
Sugarcane molasses had no effect on the myceliation rate of L. edodes (Table 1) , a result different of that obtained by Song et al. (22) who observed better mycelial growth with 30 g molasses/l solution. A sugar source is required to increase the lignocellulolytic activity of the fungus (9). L. edodes removes celullose and hemicellulose, more than lignin (14) . Sugarcane bagasse contains larger quantities of cellulose (44.7%) and hemicellulose (22.9%) than of lignin (14.9%), but apparently degradation of this material by the fungus was not stimulated by the addition of any amount of sugarcane molasses.
Mycelial Vigor
Treatments with 25 and 30% rice bran proportions supported a more vigorous mycelial growth in L. edodes (Table 1) . Similar results was showed by the fungus grown on sawdust supplement with 20% rice bran (25) . Although, Lentinus subnudus presented greater mycelial growth with Andropogon tectorum straw enriched with 50% rice bran (5) . An important factor to be considered is the capacity for gas exchange of the substrate. If aeration stimulates the rate of hyphal growth, it also does so with their ramifications. Thus, the substrate with the highest bran level would have the lowest possibility of gas exchange with the medium since its internal empty spaces would be reduced. On the other hand, a substrate without rice bran would have good conditions for gas exchange but its vigorous growth would be impaired by the lack of nutrients. This event is probably also due to the fact that the large amount of N present in bran reduces the degradation of lignin present in bagasse [Kamra and Zadrazil, cited by Maziero (11)], impairing the formation of hyphal ramifications (21) . Similarly, when N is scarce there is little hyphal accumulation, i.e., there is inhibition of the formation of hyphal ramifications since the fungus must rapidly look for another source of nutrients in the substrate.
The supplement of sugar cane molasses had no effect on the mycelial growth vigor (Table 1 ) a result different of that reported by Song et al. (22) . The addition of sugar to the substrate stimulates the lignin degradation (9), but Moyson e Verachtert (14) observed that the fungus uses less lignin and more cellulose and hemicellulose, present in large amounts in bagasse. So, the enrichment with molasses do not stimulate vigorous development of L. edodes.
"Estimated Biomass"
Any amount of rice bran added to sugarcane bagasse increased the "estimated biomass" of L. edodes, except for the 40% proportion (Table 1) . Similar results was reported by Okeke et al. (16) , who showed that the biomass was greater when high levels of soluble proteins were present in the medium. The stimulating effect of rice bran is due to the carbohydrates, amino acids and minerals present in the supplement (5). Our results suggest that rice bran improved the nutrient content of the substrate. On the other hand, the reduced "estimated biomass" with higher rice bran proportions was probably associated with the growth-inhibiting effect on L. edodes caused by the high nitrogen levels discussed earlier.
Sugarcane molasses did not alter "estimated biomass" (Table  1) (Fig. 1) . The figure shows that intermediate amounts of rice bran and molasses led to greater "estimated biomass". These results can be better visualized in the isoline graph in Fig. 2 representing cuts of the same "estimated biomass" on the response surface. It can be seen that the effect was greater when the amount of rice bran was changed and was lower when the molasses concentration was changed. The highest "estimated biomass" values were obtained with 20 to 25% rice bran and with 10 to 30 g sugarcane molasses.
Since "estimated biomass" values represent the product of mean growth rate and mean mycelial vigor, it is clear that these parameters have combined effects leading to a new variable that differs in behavior from the previous ones but represents better the desired objective, i.e., supplement combinations that provide ideal growth rate and vigor. Thus, we may assume that 20 to 25% rice bran proportions can be used for the production of L. edodes spawn on sugarcane bagasse and that sugarcane molasses practically has no stimulating effect on the mycelial development of the fungus but, when used at concentrations of 10 to 30 g/kg substrate in combination with rice bran, it stimulates "estimated biomass".
RESUMO
Suplementação de bagaço de cana-de-açúcar com farelo de arroz e melaço de cana-de-açúcar para a produção de "semente" de shiitake (Lentinula edodes) O objetivo deste trabalho foi avaliar a velocidade de miceliação, o vigor do micélio e a "biomassa estimada" de Lentinula edodes (Berk.) Pegler cultivado em substrato à base de bagaço de cana-de-açúcar, suplementado com farelo de arroz e melaço de cana-de-açúcar, para a produção de "semente" do fungo. As proporções de farelo de arroz usadas foram 0, 10, 15, 20, 25, 30 e 40% (peso seco/peso seco de bagaço) e as concentrações de melaço de cana-de-açúcar empregadas foram 0, 10, 20, 30, 40, 50 e 60g/kg (peso seco/ peso seco de bagaço mais farelo de arroz). A velocidade de miceliação diminuiu quando se adicionou as maiores quantidades de farelo de arroz. As suplementações com 25 e 30% de farelo de arroz proporcionaram maior estimulação do vigor micelial. A adição de melaço de cana-de-açúcar não estimulou tanto a velocidade de miceliação como o vigor micelial. Os valores de "biomassa estimada" foram similares quando se usou as proporções intermediárias de farelo de arroz e para todas as concentrações de melaço de cana-deaçúcar. Através da superfície de resposta obtida com os dados da "biomassa estimada" verificou-se que os valores mais altos foram observados quando os substratos continham 20 a 25% de farelo de arroz combinado com 10 a 30g de melaço de canade-acúçar, embora o último suplemento não tenha, isoladamente, estimulado o crescimento de L. edodes. 
